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S W X C T t  'Tho Cryogbato Texwile Properties of Cold Uorked 20# and 25% Hlakel 

Stsele." 

ABSTRACT8 The tensile properties of 20% Nl and 25% Ni alloy steals in the 
50% cold worked condition were determined a t  roum and aryogania 
tanperatures, 
and transreme direations of sheet stock ,020" thlok, 8otcrh4dc 
unnotched ratios were determined a t  all k ~ ~ p a r a t u r ~ s ,  h e l l e n t  
toughneea, aa defined by the notohmhmnotohed ratlo aritorbn,  
waa observed evon a t  - 4 , 2 3 0 P D  

Propertie8 taro dotembod In both the longitudhal 
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T O 8  Die tr ibution 

FROM: Materials Research Group, 592-1 

SUBJECT: The Cryogenic Tensile Properties of Cold Worked 20% and 25% 
Nickel Steel 

I WithLn recent months a family of nev steel alloys oontalnltng 20% and 25% 
i i h k e l  have been developed by the International Niokel Compaqy. Beoaum 
these alloye, have a favorable chemistry and exhibit a suitable ertgergtheging 
mechanism, they may be exaellent alloys for w e  at opgogenio temperatures. 

On this basis an evaluation progrem of these alloys wan i n i t i a t e d  t o  determine 1 
the cryogenic properties of these alloys. 
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The materials lnvsst lgatsd I n  this program were supplied %t no cost by 
the International Nickel Company and had the following c h ~ s t r y r  

j 
j .  
I 

I 041 13 0.007 0.105 O.W? 0.002 O e 1 5  20.04 le27 O e 2 2  0.52 - 
Sto& Ib. 
041 13 

The alloys were tested In the  5% cold worked rrheet aondition and uere 
0,020" thick, 

0.006 0.12 0.008 0,002 0.97 23.33 1.37 0.20 0.54 
a- 

These al loys are hardened by two mschaniarasr 

I ,  Precipitation reaction n t  ~ L Y ~ = S ~ O ' P  i a  ubi& a F% T% type 
preclpitate is forrasd. 

2. hbtenal t ic  transformation produced by oold work. The martensite 
in these alloys doas not exhibit tetragonolity becsuse of the 1- 
carbon content. 

The nickel content of these alloys has a profound effeat on tho response 
to heat treatment and cold work. 

After R S500°F a n n a ,  tor example, the 25% HI alloy h s  an #s tamperatwe 
of -1fiO- Colapared to +2@P far the 2 s  N% U O Y .  T b  ~ n r k  ke 
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response for the tvo alloy6 dlffer appreciably, 8s w e l l .  
s t ra in  hardena at  a slower rate than the 20% ffi alloy. 
is  important when fonning operations are employed during fabrication. 

The 25% Ni alloy 
This characteristic 

The tensile properties of 209 Hi a118y and 25% P i  a l loy  obtained R t  room 
temperature, -1OO?F, -320q and 4 2 3  F, are presented i n  Tables I and 11. 
Both longitudinal and transverse dfrectfons were employed i n  smooth and 
notched specimen configurations. 

A aummsry plo t  of t h e w  dsta i s  shown i n  Figure 1 .  The reeu l t s  show that 
both alloys respond to  lw tsmper&ture testing In a s h i l m  manner, Le. ,  
the tensile and yield inareaaes as the  temperature decrcbaseer 
uhich the y ie ld  increases with decrsaaing tmperature appears to be greater 
than the rate at which the tensile strength increaaes. This tendenay would 
indiaete Wlat b r i t t l e  failure 
However, using notched/unnotched ratio as a ariterion, Figure 2, the 
tougbaeaa of these alloys r a i n s  high even at -423*?. 

Tho rate at 

be predominate a t  very low temperatures. 

The excellent strength and tonghneacs of these dlloys make them candidates 
for cryogenio missile applications.  Hovevar, before t&ae alloys uan be 
employed i n  competition with 301 8 .8 .  the room temperature tensile properties 
need8 to  be increased. 
treat=mtr t o  whiob theme alloy6 respond, in eonJtmotion with cold workr @F&' 
i n  t h i s  higher strength condition, the alloys remain tough et  low temperatures, 
a further question to  be b e s t f g a t e d  I s  the weldability of these materials. 

This may be accompliahed by one of . s svera l  heat 

From the deta obtained on these materials it appears thnt  the  20$ N i  and 
25% W l  alloys in the 5 6  cold worked condition possess excellent notch 
toughaeas and tensile strength at temperatures down t o  -423OF. 

In the 50% 0.  W. condition the alloys do not possess suf f i c i ent  room temper- 
ature tensile properties to compete favorably with 301 8s X PH in a missile 
skin application. 

Ths response of these alloys t o  precipitation hardening may offer a s o l u t i o n  
t o  the problem of low room temperature t e n s i l e  properties. 
30lUtiOn i s  only sound iP the cryogenic propertiee of the heat trested 
alloy have not deteriorated. 

However, t h i s  
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UiKu 
bchaniaal  Properties of 50% Cold Rolled 20$ NI Steel 

0.b20" Thick, INCO, Ht. #23222 . 
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